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At North Carolina State University, we are prin-
cipally working on the development of new
and existing technologies that may prove to be

viable alternatives to the use of perchloroethylene
(perc) and other presently available systems.  One of
the things we’re currently working on is ultra-sound
cleaning.  As most of you know, cleaning variables
involve time, temperature, agitation, and chemistry.
Ultra-sound may prove to be a substitute for mechani-
cal agitation, water, perc, and hydrocarbon cleaning.  It
also may substitute, partially at least, for temperature.
That is, we may be able to clean at a much lower tem-
perature than we would without ultra-sound.  We are
looking at ultra-sound both for solvent-based and
water-based systems.  The ultra-sound for solvent-
based cleaning will use perc and DF2000 systems as
benchmarks.  Just by looking at their properties from
the literature and so forth, we have actually screened
about 135 different solvents. I think we’ve used 11 or 12
to actually do some preliminary tests.  We have done
this as very rough testing.  Later, we will use the suc-
cessful preliminary experiments to do standard tests
on fabrics and soils.

Preliminary results for ultra-sound solvent-based
cleaning indicate that solvents that work on a soil in
normal type drycleaning will work on the same soil
much faster with the use of ultra-sound.  And the
opposite is also true—solvents that don’t work on a
soil are not going to be effective with ultra-sound.  So,
in essence, ultra-sound will enhance whatever a sol-
vent’s ability has to take off a soil to begin with.  In
using ultra-sound cleaning on a water-based system,
our objective is to develop a greener cleaning system
that removes complex soils and eliminates the use of
non-aqueous solvents.  This may prevent shrinkage in
such fabrics as wool because it eliminates most of the

usual mechanical agitation that is one of the primary
causes of shrinkage, rather than the water.  So ultra-
sound may give us a way to apply water-based clean-
ing without all of the agitation.  We’re finding that a
temperature of 122° Fahrenheit gives good results.  We
get some very good cleaning from this.  We have found
that using ultra-sound and wet cleaning may give you
hand problems, but that’s probably due to the fact that
we’re not tumble drying the garments.  We would
probably need to find a way to dry them that would
enhance the hand by giving some kind of substitute for
agitation.  As we find systems that work in both the
water-based and solvent-based tests, we will use the
standard samples and soils so that we will be able to
compare all these types of cleaning.  In the initial work,
which has been going on for some time in ultra-sound,
however, we have done very crude screening-type
research because it would be too expensive to run all of
the standard type soils and samples with this type of
experimental apparatus.

In carbon dioxide (CO2) cleaning, we will focus our
research on liquid or subcritical technologies.
Originally, we had thought in terms of supercritical
carbon dioxide cleaning, but it turns out that supercrit-
ical CO2 may damage buttons and zippers, while sub-
critical CO2 seems to work well.  When Charles Riggs
[EPA’s ORD Research Program on Alternative Textile
Care Technologies, Part I] was talking about the super-
critical or the liquid CO2 work that they were doing, he
was referring to a prototype commercial machine.  We
are in the process of building a benchtop experimental
apparatus so we can get a very wide range of variables
and look at the use of surfactants and examine the vari-
ables in liquid carbon dioxide cleaning.  This will allow
us to look at many more things than we could in a pro-
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totype system and should tie in very well.  Again, for
the things we find successful in carbon dioxide
cleaning, we will then run those experiments on stan-
dard samples, and so forth.

At North Carolina State University, we’re using our
testing lab to run most of the tests on the samples that
Charles Riggs produces as well as those that we pro-
duce, so that we can compare them all in one place.  As
much as possible, we’re trying to use American Society
for Testing and Materials American Association of
Textile Chemists and Colorists type standards so that
we will be able to compare with the work that other
people do and not have to generate or produce entire-
ly new test methods, although some of that may be
necessary.

I have a lot more details on what we’re planning to
do and even some of the preliminary results.  I’ll be

happy to discuss those now or in the discussion ses-
sion.  I want to reemphasize what Charles Riggs has
said, that this project is just getting underway.  Most of
the work will be done in the coming months.  It was
proposed and accepted as a 3-year project, but we’ve
only been funded for 1 year.  Our results obviously will
depend on whether we’re able to secure second and
third year funding for this work.  What we’ve laid out
is primarily for 3 years, but we’ve tried to adjust the
project so that if funding does not come forward for the
second and third year we will still produce some use-
ful results even in the first year.  We have formed an
advisory committee for this project and the first meet-
ing will be Wednesday, September 12, 1996,  in Raleigh.
We think this is an excellent forum and we would wel-
come any input you have into the design and direction
of this project.
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